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This study explores the challenges of harmonising processes in supply chain manage-
ment (SCM) in the construction business field. The study focuses on projects in SCM 
done by the case company that is one of the leading service providers in construction 
business. SCM is a very important factor for any company seeking to solidify activities 
and compete for its position in the marketplace. A supply chain (SC) is a complex pro-
cess encompassing the activities of moving the goods from the raw materials stage 
through to the end user (Brewer and Speh 2000).  
 
In the case company of this thesis, SC are highly complex since they serve sophisti-
cated technology products. Moreover, there are currently two different SC units in Fin-
land which have their own practices and perform on the same level, according to the 
same process flow chat. As a result, SCM in the company requires special attention 
and is subject to improvement. In order to make the company more competitive, this 
thesis studies and harmonizes the two SC units processes so that make the whole 
structure less complex.  
 
1.1 Case Company Background  
 
The case company of this thesis is one of the global service leaders in construction 
business for some special equipment. The organization model is a project based struc-
ture, and the whole project process is from pre-bid to handover to manufacturing the 
final solution provided to the customer. In the construction business there are many 
different building segments, for example, office building, retail building, hotel building, 
residential building, infrastructure, medical building and special buildings. The case 
company services all of them, which makes its SCM especially complex. 
 
In the early 2000s, the company had only one SC unit in Finland (Unit A). Following the 
booming growth of the market and company’s globalization, the whole SC Unit A could 
not meet all the customer’s needs and requirements. Under these circumstances, the 
management decided to establish a new SC unit (Unit B) and made a clear service 
scope for both SC units. Unit A focuses on the volume business which does not require 
much special engineering and concentrates on low risk projects. Unit B concentrates 
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on the tailored business which requires highly special engineering, new pilot products 
and also manages the projects with value over a certain amount. The company has a 
clear road map for the project process delivery. However, after many years of devel-
opment, both units have formed their own, slightly different practices under the compa-
ny main structure. 
 
1.2 Business Challenge   
 
As introduced in Section 1.1, the main structure of the key milestones and process 
flows for the two units are the same. However, two units are using different tools, doc-
ument management and practices under the main structure. This phenomenon causes 
the existence of two different, parallel processes under the main structure. These dif-
ferent processes cause extra project activities, different process development needs, 
additional maintaining costs and time consumption. Furthermore, the processes them-
selves generate too many tools which make them even more complex and inefficient. 
On top of that, since the company is currently mapping their strategically processes 
from the pre-bid to the project handover, the extra process is making the mapping a 
much more difficult task. 
 
From the practical perspective, it has become evident by now that the two different 
processes cause Front Line Project Manager (FL PM) confusion in managing the pro-
jects with the Supply Chain Manager (SM) together. Since it often happens that one 
project is sometimes divided between two SC units, PM has to work in different ways 
between the SC units A and B. Finally, due to the different practices under the compa-
ny main structure, the lead time becomes different, and the engineering cost differs too, 
which will go to PM and increase the whole project cost. 
 
1.3 Objective and Outcome of the Study 
  
The objective of this study is to build a common and harmonize the supply chain man-
agement (SCM) process for the two Supply chain (SC) units of the company. The ap-
proach is to examine the current process in the two SC units, exam the performance 
especially focusing on the key milestones from the process, and finally propose a 
common and better process for the two SC units of the company. 
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The outcome of this study is a new, harmonized process for both SC units in managing 
projects, which includes: (a) a process flowchart, (b) check-list for project stages, (c) 
roles and responsibilities.  
 
The thesis is written in seven sections. Section 1 introduces the problem and logic of 
the solution. Section 2, Method and materials, explains the logic of the research ap-
proach in this study. Section 3 analyses the current state of the case company SCM 
practices. This analysis is made in order to understand the Unit A and B’s current prac-
tices, find out the underlying differences and similarities of both units. Section 4 dis-
cusses the literature regarding the management of project-based and process-based 
SCM structures. Section 5 contains the first draft proposal of SCM model for two SC 
units and gives the detailed list of the key milestones of the process. Section 6 collects 
more data from the management team and builds the final, harmonized proposal of the 
SCM practices for the units. Section 7, the summary, discusses the results as well as 
the reliability and validity of the solution. In addition, it also provides the managerial 
implications for the next step for the company. 
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2 Method and Material 
 
The section discusses the research approach of the study. This section also formulates 
the research design and presents the way data is collected and analyzed. 
 
2.1 Research Approach 
 
Yin (2003) describes the case study as “an empirical inquiry that investigates a con-
temporary phenomenon in depth and within its real-life context, especially when the 
boundaries between phenomenon and context are not clearly evident. Eisenhardt 
(1989) describes “the case study as a research strategy which focuses on understand-
ing the dynamics present within single setting”. The strategy of a case study first focus-
es on the phenomenon that occurs in the organization. Then, it studies and explores 
the reason behind the phenomenon. Finally, it solves the problem through the qualita-
tive data collection and the literature search. The case study emphasizes the rich, real-
world context in which the phenomena occur (Eisenhardt and Graebner 2007).  The 
case study also emphasizes the case company’s business problem. The research 
questions play an important role among the research strategy (Yin 2003), guiding the 
research process to the final outcome. 
 
This study belongs to the qualitative research strategy. As Gillham (2010) describes, 
“the qualitative methods focus primarily on the kind of evidence (what people tell you, 
what they do) that will enable you to understand the meaning of what is going on”. This 
study focuses on the evidence that what is the process in the documents and what 
people really do in order to map the process in an objective manner. 
 
This study chooses a case study as its research approach because the study is based 
on the real world business phenomenon and involves qualitative data. The study col-
lects the data from multiple sources i.e. group discussion with core team, interviews 
and company internal documents. By further research step by step, the study explores 
the problem area and makes the research more specific and deeper. Moreover, in line 
with the case study approach, this study takes different perspectives from different de-
partments in the case company to get the various answer to provide a grounded pro-




2.2 Research Design  
 
The research design of this study consists of five main parts: (1) business challenge 
and objective, (2) the current state analysis, (3) existing knowledge review, (4) building 
draft proposal and (5) final proposal of the new SC process. During this study, the im-




Figure 1. Research design in this study. 
 
Figure 1 shows the research design for this study. In stage 1, the research starts with 
the business problem identification and sets the objective of building a harmonized 
process for two SC units. The outcome from the current state analysis is to get a clear 
vision of the similarity and differences between Unit A and B. In stage 3, the study ex-
amines the existing knowledge and the focus is on the SCM and business process 
harmonization. In stage 4, the focus areas are, first, on combining the current state 
analysis and the findings from existing knowledge to identify possible suggestion for 
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proposal building; then, conducting interviews and collaborating with the process users, 
collecting data and feedback for building the draft proposal. In stage 5, the proposal is 
validated with the management team for the draft proposal. The final outcome will be 
written based on the feedback from the stakeholders as the draft proposal.  
 
2.3 Data Collection and Analysis  
 
Data collection in this study is divided into rounds 1-3. Data 1 for CSA, Data 2 for pro-
posal building of the new SC process, and Data 3 for validation of the proposal. Table 1 
below briefly list all data included into each round. 
 
Table 1. Data collection in rounds 1-3. 
Data Data sources Purpose Analysis in 
Data 1, CSA 
1. Project core team discussion Set the target for the study purpose, discusses the current SCM process 
Section 3, CSA 
2. Interviews with project handlers Map the current process and find the similarities and differences 
3. Interviews with engineers in engi-neering depart-ment 
Collect the process documents for Unit A & B, find out which unit process support their daily works better. Objective views of the SCM process for Unit A & B 
4. Company inter-nal documents 
Map the current process and find the similarities and differences for process documents 
Data 2, Building the pro-posal 
5. Group discussion with the key stake-holders 
Suggestion for building the proposal related to: Modular SCM process, pro-ject complexity 
Section 5, Building the proposal 
Data 3, Validating  the pro-posal 
6.Discussion with key stakeholders and program man-ager 
Identifying for the improvement area Section 6, Validation Evaluation of the proposal 
 
In Data 1 for the current state analysis, the data collection contains three parts. First, in 
Data 1, the study reviews the process, and tools and documents to build the general 
model of the case units. In addition, interviews in the two SC units are conducted to 
analyze the different way of their working. Here, the information is collected in the area 
which the processes are overlapped of the two units by the form of interviews. This 






This study collects data from the key stakeholders from the SC units in order to get 
different perspectives of the topic. Table 2 and 3 show the details of data collection 
used for identifying differences and similarities in two SC units, in Data collection 1.  
 
Table 2. Data 1 collection for two different SC units – Project keepers. 
 Participants Position in the process Date and Dura-tion Documented as Topic Discussed  1 PM in Unit A SC project management 
02.02.2016, 1 hour Face to face 
Field notes (ap-pendix 2) 
1 Unit A process general overview  2 The different between Unit A and B  3 The Strength and Weakness of the process  4 The develop-ment needs in the Unit A pro-cess 
 3 SM in Unit B SC project management 
10.02.2016, 1 hour Face to face 
Field notes (ap-pendix 2) 
 4 SM in Unit B SC project management 
11.02.2016, 1 hour Face to face 
Field notes (ap-pendix 2) 
 5 SM in Unit B SC project management 
28.02.2016, 1 hour Face to face 
Field notes (ap-pendix 2) 
 6 Project core team 
Stakeholders, Program man-ager 
04.02.2016 Workshop, 1 hour 
Field notes (ap-pendix 2) 
Harmonization project process discussion, kick-ing off meeting.  7 Project core team 
Stakeholders, Program man-ager 
24.02.2016 Workshop, 1 hour 
Field notes (ap-pendix 2) 
Process docu-ments gathering for Unit A & B  8 Project core team Stakeholders 
26.02.2016 Workshop, 1 hour 
Field notes (ap-pendix 2) Process docu-ments review 
 
Table 2 collects the data presented from the project keepers’ perspective, the project 
manager and the supply manager. As seen from the table above, the main method of 
the data collection for this study is face to face meeting. The interviews were conducted 
as semi-structured face-to-face interviews. The interviewees received the questions 
before the interview and all the interviews were recorded by tapes. After the interviews, 
the field notes were finalized based on the voice record to ensure the correctness of 
the interviews. The records of the interviews are shown in the appendix 2. In this study, 
the topics for interviews focused on the project SCM process and the data aimed to 




Table 3 below shows the data collected from the engineers who work with SM in the 
SC process. Because the engineers work with both units, this data is from different 
angles to compare the differences and similarities between the two units.  
  
Table 3. Data 1 Collection from the Other Perspective in the SC process. 
Participants Position in the process Date and Duration Documented as Topic Discussed 
Listing engi-neer Engineering listing 23.02.2016, 1 hour Face to face Field notes (appendix 2) 
1 The daily work and process. 2 What kind of ele-ments could facilitate their work from the SC unit perspective 3 What is the different issues when work with Unit A and B 
Mechanical engineer in Unit A 
Detailed engineering 16.02.2016, 1 hour Face to face Field notes (appendix 2) 
 
As shown in Table 3, the Interviews are done with engineers in engineering depart-
ment. Table 3 data are analyzed together with the data from Table 2 in order to get a 
comprehensive perspective of the SC process. In this study, the method of analysis 
was the Thematic analysis of interview and discussion data. 
 
Internal documents 
This study also utilised the analysis of the company’s internal documents in addition to 
the workshops and interviews. The documents are shown below in table 3 (details are 
given in Appendix 1). In this study, the documents are collected first in order to map the 
current process in Data 1. Moreover, the documents are analyzed and sorted by the 
case company project team during the group discussion in Data 2. The study also 





Table 4. Case company internal documents in milestones review. (Appendix 1) 
Stage Description 
1  SC unit receive order and related documents 
2  Make submittal drawings 
3  SC unit submits approval drawings to FL 
4  Drawings and documents clarification 
5  Check the order specification 
6  SC list the order items and clarification of the order 
7  Component engineering 
8  All issues clarified 
9  Manufacturing 
10  Material transportation 
11  Installation, handover to the customer 
Other Special requirements documentation  
As shown in Table 4, the documents are collected from the stage SC unit gets the or-
der until the material installation finished. The analysis of the internal documents made 
the important part of the data collection and was done in order to get a more compre-
hensive understanding of the Unit A and B’ processes. 
 
Interviews, discussions 
For Data 2 and 3 this study collects data from the project team as well as the program 
manager. Table 5 shows the details of data collection used for co-creating the proposal 
draft and suggestion for the final proposal of this study, in Data collections 2 and 3.  
 
Table 5. Data 2 and 3 collection from the project team and program manager. 
  Participants 
Position in the process Date and Duration Documented as Topic Discussed 
1 PM in Unit A, SM in Unit B 
SC project management 
24.03.2016                1.5 hours                  Group dis-cussion 
Field notes (appendix 3) 
1. Review the Unit A process documents                                  2. Co-create for the draft proposal                                           3. Combine the process documents for Unit A & B                           4. Discuss what to be har-monized for unit A and B  
2 Program manager  SC project management 
14.04.2016                       1 hour                  Face to face 
Field notes (appendix 4) 




As shown in Table 5, the data is collected from the group discussion and face-to-face 
interview. Data 2 is collected from the group discussion in order to co-create the draft 
proposal. Data 3 is collected from the interview with the program manager in order to 
get feedback for the proposal. The records of the group discussion and interview are 
shown in Appendices 3 and 4. 
 
2.4 Validity and Reliability Plan 
  
The validity and reliability have to be evaluated to prove the results of the study. The 
validity and reliability could not separate from each other in the research. Moreover, 
“the validity estimates the extent to which the test or set of data or design actually 
measures or reflects or produces what is supposed to measure, reflect, or product.” 
(Jha 2008: 103). There are two types of validity which is internal and external reliabil-
ity.  
 
The internal validity is a particular strength of qualitative research because the data 
itself tell about the subject of study (Quinton & Smallbone, 2006:128). To ensure the 
internal validity of this study, the core team for this study will be built and the mem-
bers should be from both Unit A & B in order to get a comprehensive view of the pro-
cess. Additionally, many group discussions will be organized to set the scope and tar-
get of the study harmonized process project. Moreover, the interviews with the rele-
vant company employees need to be organized in order to gain a clear and objective 
picture of the current Unit A & B process. In addition, the company internal documents 
will be reviewed and discussed during the process to map the similarities and differ-
ences for the Unit A & B.   
 
The external validity is defined as an assessment of whether the results could be ap-
plied to other contexts or situations (Quinton & Smallbone, 2006:129). In this study, 
the external validity is planned to be ensured by building the final proposal based on 
the relevant findings from the literature review accommodating different perspectives 
and fields. This will ensure the theory in this thesis is drawn from the wide sources 
from across the fields as well. This study also suggests that the proposal of the thesis 




Reliability of a study could be improved by the following way as Quinton & Smallbone 
(2006:130) suggest: (1) using differing data sources, (2) using different data collection 
tools, (3) Applying established theory from one area to another, (4) collecting data at 
different time points, and (5) using different researchers at different points of the re-
search.  
 
To improve reliability, this study will, first, use multiple sources such as the core team 
discussion, interviews with key stakeholders and project handlers to support the argu-
ment. Second, the study will collect the data by semi-structured interviews and internal 
documents review to ensure the process is reviewed and mapped by different ap-
proach. Thirdly, the literature will be reviewed from different aspects in Supply Chain 
Management to ensure the reliability of the utilized literature sources. Fourth, the data 
for this study will be collected from three rounds to ensure the data is collected 
throughout the study period. Finally, the author collected the data and information 
from different perspectives such as program manager, employees in Unit A & B, and 
engineers in other department. This is planned to ensure reliability of this study.  
 
Validity and reliability of this study will be reviewed in Section 7. The next section dis-




3 Current State Analysis 
 
This section discusses the case company’s overall project business structure as well as 
the SCM practices in two units. Furthermore, this section maps the general process of 
the two units and the differences need to be harmonized for this study. 
  
3.1 Overview of the CSA Procedure   
The current state analysis (CSA) was conducted from January to February 2016 during 
the thesis period in the case company. In order to conduct the CSA, the core team 
including the experts from Unit A & B were involved from the case company. Further-
more, the project handlers from Unit A & B, two engineers from engineering depart-
ment participated in this thesis project. In addition, the company internal documents 
were reviewed in the CSA in order to get the comprehensive view of the whole process 
map.  
 
The first part was to introduce the current project business in the case company. This 
gives an overview of the current project business and in which circumstance the SCM 
process is under. 
 
The second part was to analyze the current SCM practices in both units. In order to 
map the clear picture of the case SC units’ business practices, the current state was 
conducted from three perspectives: (a) the Unit A SCM practices, (b) the Unit B SCM 
practices, and (c) the conclusion of the similarities and differences between Unit A and 
B. 
 
First, from the Unit A SCM perspective, this study created the process map and inves-
tigated project handler practices. The data was conducted through the interviews, core 
team discussion and documents review. Second, from the Unit B SCM perspective, this 
section focuses on the process map and project handler practices. Finally, the value 
stream map (VSM) is used as a tool to show the process maps for both Units in this 
section. The VSM visually shows the similarities for the two SCM process as well as 
the differences. In addition, other than the visual similarities and differences from the 
VSM between Unit A and B, this section analyzes the deeper reasons which make the 
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two SCM process different-the organization structure, the SCM process and the SCM 
project resource. 
  
3.2 Overview of the SCM Project Business in the Case Company  
SCM Project process in the case company makes part of the whole Project manage-
ment in the case company. The project process starts from the Leads and ends with 
Maintenance. Figure 2 below shows the whole process of the case company, it also 
highlights the scope of this study, the supply chain management (SCM) area.  
 
 
Figure 2. General Project process of the case company. 
 
Figure 2 illustrates the general project process of the case company, which includes 
five main stages: Leads; Sales, tendering and order; Planning; Execution; Handover 
and closure, and Maintenance. The figure also shows the focus of this study, the Sup-
ply chain phase in the entire process chain. The figure also shows the existence of two 
SC units in the case company structure. Figure 3 below shows the SCM process in the 




Figure 3 shows the SCM process under the company’s main project process (Figure 
2).  
 
Figure 3. The general SCM process in the case company. 
 
As shown in Figure 3, the key milestones in the SCM process are 0c, 1a, 2, 2f, 3, 3a 
and 3s. However, two facts complicate this picture from the SCM perspectives. First, 
the Project process is quite complex, and second, it differs in two SC units. In order to 
better describe the difference between the units, the project process will be discussed 
stage by stage below as currently implemented in both units. This will create the basis 
for harmonization of the two processes later. 
 
The general Project process also flows from the leads (bidding) to maintenance. The 
Project process includes the following project stakeholders and major process (a) the 
customer, (b) PM, (c) SM, (d) engineering department, (e) material management team, 
(f) the suppliers, (e) the logistics, (f) the installation team, and (g) sometimes the R&D 
department when the project is very complex. Figure 4 below shows the core steps in 
the general Project process has. 
 
 
Figure 4. Project process in the case company. 
 
As seen from Figure 4, the project flow in the case company includes six parts. Leads, 
Sales, tendering and ordering, planning, execution, handover and closured, mainte-
nance. 
 
In the Leads period, the salespeople notice that somewhere there is a project and also 
get the specification provided by the customers. First of all, the owner publishes the 
tender notice through a bidding company. Secondly, the supplier registers themselves 
15 
 
according to the tender notice. Besides, in addition, the supplier also gets or purchases 
the prequalification documents from the bidding company 
 
In the Tendering and ordering stage, the case company will decide if the bid will be 
continued after evaluating the attractiveness and ability. If the management team has 
decided the company will continue bidding the project, the sales team and the tender-
ing team will work together to fulfill the bidding documents. After finalizing all the cus-
tomer requirement, the sales will negotiate and discuss the contract details with the 
customer. Once everything is settled down, the customer signs the contract with the 
case company.  
 
In the Planning stage, once the sales team signs the project contract with the custom-
er, the sales needs to inform the Front Line and SC steering group about the contract. 
The steering group will assign the project manager who is in charge of the whole pro-
ject, meanwhile the supply manager is also assigned for the project material and engi-
neering supply. From the project perspective, the project is officially moved from the 
customer to the Front Line sales team. The next flow is project from the FL sales to the 
FL PM. Once PM is officially taking over the project, he needs to build the project team 
and link all the stakeholders. The most important in the planning stage is the stake-
holders’ kick-off meeting. In the kick-off meeting, the PM discusses the project general 
plan which includes the project schedule, customer involved, target material delivery 
schedule, risk management and all the project related information. The format of the 
meeting is always face to face. The SM discusses the project technical scope, supply 
line project structure, the confirmed price and all the supply project issues. This is the 
place when SC units take over the project from the FL, and the detailed process in this 
stage is introduces further in the next sub-section. 
 
In the Execution stage, the SC PE plays the key role in this stage, because the PE 
keeps the project integration flow smoothly among the stakeholders. This stage is the 
main part of the SCM in the case company, and it includes Acknowledge, clarification, 
component listing, engineering, production and logistics. 
 
In the Handover and closured stage, after the installation finished, the project is offi-
cially handover to the customer. In the same time the PM needs to handover the pro-
jects to the maintenance department. After the handover, there is a closing meeting 
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for the company internal stakeholders to study the project-the successful place, the 
improvement area, the lessoned learned for the other projects. 
 
Finally, in the Maintenance stage, when there is any problem with the product the 
maintenance team from the case company will solve the problem for the customer. 
 
As seen from this description, the Project process is unified for the whole company. 
The SC units are somehow working through the whole process, for example, in the 
bidding phase, the FL sales asks the technical support from the SC; in the planning and 
execution phase, the SC making the plans to deliver the project related components or 
technical support; after delivering the components, the SC will deal with the feedbacks 
related to the things it delivered. Thus, the SCM is through the whole process and it is 
important to know the whole process since the SC practices are under the main busi-
ness process. 
 
3.3 Current Project SCM (Comparison of Unit A and B)  
The current project SCM exists under the main project structure from ordering to exe-
cution. This main Project process, however, is implemented differently in two SC units. 
The description of the current process below includes three perspectives for each 
stage: (a) the Process itself (as documented), (b) ERP activities and (c) collaboration. 
 
 




According to the current case company’s SCM practices, there are nine steps that can 
be identified in the Project process as implemented by two SC units. These differences 
are discussed in more detail below, and the detailed practices are also slightly different 
with the company’s main SCM practices. 
 
3.3.1 Current SCM Practices in Unit A 
 
One way of dealing with SCM projects is practiced by Unit A. There are five main steps 
in this process (according to the stages in Figure 5 above): 
 
Stage 1 is the “Order” stage. In Unit A, there are two main parts in this stage; the front-
line project manager (FL PM) gives the order documents to supply chain project engi-
neer (PE), and PE checks the order. After the FL sales representative signs the con-
tract with the customer, they will transfer the customer requirements to the case com-
pany’s language in the format of order documents. Next step the FL PM sends the or-
der documents (CST, CSP, KTOC) to the SL. SC PE collects and checks the order 
documents content. The order documents include the technical specification, the cus-
tomer drawings and all the related documents & drawings. After collecting all the pro-
ject related documents, the PE needs to check the document content and fill in the 
checking results to the SL document. If the result is “not pass”, PE will ask FL clarify 
the unclear parts in the order documents. When everything is clear and clarified from 
the check list, the PE can continue the next stage in the process. Thus, this stage 
makes the preparing stage for make drawings. 
 
Stage 2 is the “Make drawings” stage. In this stage, the PE handles the order in a very 
simple manner. Firstly, PE creates the order for the project in the ERP system. Be-
cause the checking part has been done in the previous stage, PE confirms the 
“Acknowledge” in ERP system and release the “layout” activity which lead time is 
based on the company’s document. In the same time, PE creates the electronic folder 
in the company’s public hard disc and save all the project related email in it. The PE 
sends email to FL to clarify the question from layout engineer if there is anything un-
clear. After the layout drawing being finished, PE will send the drawing to the FL and 
the SAP activity will be confirmed by the engineer. If the engineer identifies some spe-
cial components need to be designed, the PE will open the activity in SAP for allocating 
the design work to the engineering department. In this stage, the start-up meeting is 
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held usually by teleconference and it last about an hour. Moreover, PE will fulfil some 
check lists after the meeting. 
 
Stage 3 and 4 is “Drawing revision & Approval” stage. This stage is the order clarifica-
tion before the engineering stage (stage 7). FL submits the layout drawings to the cus-
tomer and discusses the details with the customer. If customer confirms the drawings 
are ok and give the approval, FL will inform the PE about the approval of the drawings. 
Because the construction business is dynamics when the building is going upward all 
the time, there will be some something customer wants to change. In this circumstance 
FL will send a drawing change request to PE, PE will open the ERP activity which allo-
cates work to the engineering department. The clarification of the drawings can be 
several rounds. Same as in the previous stage, the ERP engineering activity is open 
when the special components are identified. The risk assessment is done here for the 
project if the risk is identified. 
 
Stage 5 to stage 8 is from “Special part pre-engineering” to “Orders to suppliers” stag-
es. The final order is sent to the PE from FL in this stage. The final order means that 
the all the documents and drawings have been approved by the customer. The first 
task PE does is to check the coherence of the documents and drawings when FL 
sends the final order. After the final order check, PE clarify with FL if there is unclear 
issue appear from the order. When the final order is clear and clarified, PE start prepar-
ing the engineering input text to continue the component listing and engineering. The 
lead time for the engineering and the process are based on the SAP and company’s 
document. 
 
Stage 9. This stage is the Manufacturing stage; the promise is that FL gives the per-
mission in ERP system that SL could start the manufacturing. The permission is called 
“NRP” in the ERP system. After the engineering is done from the previous stage, PE 
informs FL that the manufacturing could be started and the earliest lead time for the 
material. FL inserts the materials on site date and gives the permission in ERP system. 
 
As shown above, the SCM process performed by Unit A, is very clear in every step 
includes the responsibilities, the check lists, the documents and process map. Howev-




“We are using a lot of excel forms, even let’s say checking all the orders there is 
excel, we are using that for every single elevator per DG. Well it’s not so good, if 
you find an error, it is in excel file. Xxxx (Case company) in all xxx (Unit B) and 
xxx (Unit A) we are really bad in and we should improve. We have 10 different 
order forms and FLs doesn’t know what they need. 
-Interview 1” 
 
As mentioned above, there are too many checklists and order forms both PE and FL 
need to fill in. These documents create a lot of time and work. Moreover, the different 
order forms make the process more complicate in different steps.  
 
“The biggest difference is the way we handle the project finance that is one of the 
biggest. The other one is how we team up as a project (Project structure). I know 
in xxx (Unit B) it’s quite common that you have a chief designer for layouts al-
ways. Then you may have car engineer. That is one of the really weak point in 
SOF, I would say basically at the moment I am the only one who has chief engi-
neer. Only our biggest or big projects, for those xxx (Unit A) layouts are nominat-
ed to the project otherwise there is no common understanding how important that 
is to get someone who understand your project what’s happening. 
   -Interview 1” 
 
Summing up, as mentioned by the interviewees, the Unit A is doing the project in a 
process strict manner, in the other word A is a process focus organization. Moreover, 
there is no normal SCM project structure; the whole process is more like the material 
ordering process. This causes the problems that there is no integration among the 
stakeholders and lack of common understanding for the project. 
 
3.3.2 Current SCM Practices in Unit B 
 
In the Unit B, there are nine milestones in the detailed process map, as described and 
analyzed below (differentiated from the stages in Figure 5 above): 
 
Stage 1. Milestone 0 means the case company gets the contract with the customer. So 
in this stage, the SL’s responsibility is to get the project order and specification from 
the FL representatives. The project order is in A4 format and the specification covers 




Stage 2. There are two main parts for SM in this stage-the internal SCM and external 
SCM. The internal SCM means coordinate the drawings, engineering and schedule in-
side the company. The external SCM means communicate with the FL and customer, 
provide solution and clarify the order specification. There are three tools SM uses in 
this stage: the company documents, the ERP system and the PDM. After SL gets the 
official order and order specification from the FL, SC needs to make the drawings 
which include the layout and the visual drawings.  
 
There are seven main tasks in this stage. First, the SM needs to open the project order 
in the ERP system and release the “Acknowledge” in the system. After the 
“Acknowledge” is released, SM will release the “layout activity” in the ERP system and 
input the LFD which engineering manager provides. In the activity long text, SM inputs 
the project information includes the core specification, SC and FL contacts, PDM link 
and other related information. Meanwhile, tender engineer organizes the internal start 
up meeting with the SM to discuss the (1) tender related issues (2) the latest core 
specification agreed with the FL (3) special requirements. After the layout drawing has 
been made, the SM needs to organize the Sourcing and Logistics Plan meeting with the 
sourcing manager and the quality manager to identify the (1) Project risks (2) Project 
special components (3) Special materials sourcing plan. When the special components 
are identified by the layout engineer and quality manager, SM needs to open “Clarific” 
activity in ERP system to the engineering department to design the special component. 
When all the project related drawings are made, the SM needs to check the consisten-
cy of all the documents, drawings.  
  
In this stage, the FL’s responsibility is to organize the start-up meeting with all the 
stakeholders in the project. The purpose of the start-up meeting is to enhance the col-
laboration among the stakeholders, monitor the risks in the early stage, translate the 
customer requirements into case company language to be sure the SL and FL have the 
same understanding of the project. 
  
Stage 5. Start from here, the process of SC Unit A and B’s are overlapped. In this 
stage, all the project specification and drawings should have been clarified. Firstly, SM 
communicates with the FL and confirms the final revision of all the purchase order re-
lated documents. After the confirmation from FL, the SM does the order check and 
release the “order check” activity in SAP. The order check includes the consistency 
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among the core specification, layout drawings and visual drawings. If the information 
among those documents is not the same, the SM needs to clarify the reason and ask 
related parties to correct the mistakes. For example, if the drawing dimensions are not 
drawn according to the FL order, the layout engineer needs to correct the drawing. 
When the order check is done, at the same time SM confirms the “order check” activity 
in SAP. SM releases the “Listing” activity in SAP and fill in the long text which includes 
all the project related information, and the special engineering which has been done. 
 
Stage 6. The listing engineers proceeds the project in this stage. Listing means to input 
the project components into the ERP system for two purposes. First is too give the 
input to continue the engineering, second is that material management (MM) team 
could make the supplier purchase order from the ERP. After the component listing ac-
tivity is done, the engineer confirms the “Listing” activity in ERP system and opens the 
engineering activities for engineers to fill in the mechanical, electrical parts in ERP sys-
tem.  
 
Stage 7. After the listing activity, the engineering activity takes place in the process. 
After the engineering is done, SM organizes the meeting to review the project engi-
neering process and check the interfaces among the special designs. 
  
Stage 8. After the engineering stage, all the project related information are clarified 
and input in ERP system. SM inputs the final price agreed with the FL into the ERP sys-
tem. SM informs FL all the activities are ready and the project components are waiting 
to be purchased.  After the information from SM, FL will check the schedule and give 
the permission to SM continue with the manufacturing. SM will release the permission 
in ERP system. Material management team creates the purchase order to the suppliers 
after they see the permission has been given in the ERP system. 
 
Summing up, the current SCM process in Unit B is working in all stages and can be 
describes from three main perspectives. Firstly, the Documents-required and working 
instruction are shown inside the different stages. Secondly, the ERP perspective is tak-
en into account, since all the work allocation is done in the ERP system. Third is the 
bridge among the project stakeholders, this basically means the SM links all the stake-
holders and share the project information throughout the SC project.  All these per-
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spectives are visible in the current process; however, the documentation is often per-
ceived as too heavy in this process, as one of the interviewees mentioned: 
 
“There is too many documentation, and mainly that the variation for each project 
they generate, it implement to all the projects.” 
   -Interviewee 5 
 
During the SCM process, the Unit B starts from building a very clear project structure in 
the beginning. This creates the common understanding for the project and also sets 
the sole target for the whole group. Moreover, there are also customer solution man-
agers who provide solution and assist the project in Unit B organization perspective. 
The benefit of it is pointed out by one interviewee:  
 
“Because there is no, for example, there is no role called customer solution man-
ager there. Here we do have, so that’s even the starting point is different.” 
   -Interviewee 2 
 
As mentioned above, it is different from the organization structure that Unit B has the 
customer solution manager department. This service could build the integration be-
tween the customer and the company. Furthermore, the company is able to provide 
better service because of the solution experts with their knowledge. 
 
Summing up, some conclusions can be done from this comparison of Unit A and B. 
First, from the order to special part pre-engineering (Stages 1-5), currently Unit A and B 
are handling the project by themselves, in other words, differently over these stages. 
The major differences between the two SC units A and B concern the Order to Compo-
nent listing (Stages 1-5). Starting from the Component listing (Stage 6) to the Logistics 
(Stage 10), both units handle projects in the same way and their orders go to the same 
departments. In the other words, So the real sequence of the current SCM process can 
be described in a shorter line as: (Step 1) Order handling, (Step 2) Make drawings, 
(Step 3 & 4) Drawing revision & Approval, (Step 5) Special Engineering, (After Step 6) 
Component listing (means the product ERP configurator), ordering, production and 
logistics which come together since similar to both units. Further on, the current SCM 
process may go in slightly different ways when dealing with two types of orders, Unit A 
and Unit B. For the SCM, the project handlers are managing the project from Stage 1 
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to 5. Starting from Stage 6, the project is mainly handled by the engineering depart-
ment, material management department and logistics.  
 
The following section presents the current component listing process of these depart-
ments and focuses on the collaboration with the project handlers from Unit A & B, and 
reveals the similarities and differences from the different perspectives. 
 
3.3.3 Current Component Listing Process (Stage 6) 
 
The listing engineer is the main stakeholder in this period (see Stage 6 in Figure 5). It 
starts with the listing team leader running the work list from the ERP system and allo-
cating the jobs to the certain engineer. The meaning of the listing is to input the correct 
project components and materials into the ERP system. The normal work process is 
mentioned in one of the interviews: 
 
“Normal process consists of selecting jobs from work list, selecting the correct 
SAP materials, configuration of SAP materials (based on information given in list-
ing long text, CST/CSP, layouts, M-drawings, SO’s, C-SO’s, QD’s etc.) opening 
engineering activities, writing information to long text of engineering activities, 
confirming listing activity. Besides these, there is daily collaboration with project 
management, layout engineers, component engineers, electrical engineers, list-
ing engineers and material management.” 
    -Interviewee 4  
 
As mentioned above, the listing engineers have multiple tasks which include inputting 
correct materials in ERP system and collaboration with different departments. Because 
they check many documents and texts which are written by Unit A PE and Unit B SM, 
they can see the whole picture and notice which unit’s input supports them better. This 
is mentioned by the interviewee:  
 
Regarding differences of xxx (Unit A) & xxx (Unit B) projects; in my personal 
opinion, unclear specification occurs more often in xxx (Unit A) projects than in 
xxx (Unit B) projects. This leads to greater number of clarifications. 
   -Interviewee 4 
 
The documents are usually main communication tools for the ordering process. as indi-
cate by the informant that unclear specification in the Unit B documents can lead great 
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number of clarifications. In the other word is that Unit B document for the communica-
tion with the other department is not sufficient which needs to be fixed. Whilst Unit A 
documents are written better and more clear. The document tool support for communi-
cation will be discussed further in the section 5. 
 
 
3.3.4 Current Component Engineering Process (Stage 7) 
 
After the listing engineers finish the component input into the ERP system, they will 
open the engineering activities includes the mechanical, electrical hardware, electrical 
software, car and door. When these engineers get the ERP activities, first they check 
the ERP long text input from the listing engineer. After the initial checking, the engi-
neers get the idea of the project general information, Core specification, layout draw-
ings and visual drawings. The engineers will design the components based on the pro-
ject information. There are two different kind of engineering in this stage, the standard-
process and special-process. The standard-process means there is existing product 
which can fulfill the project technical requirement. The special-process means the cur-
rent existing component couldn’t fulfill the requirement and needs modification based 
on the existing drawings or even design a totally new parts. The engineers communi-
cate with the SM to clarify the customer requirements. The SM’s responsibility in this 
stage is to build a link between the engineers and the FL to insure that the FL under-
stands the solution the case company provides to the customer. Moreover, with the 
smooth information flow, the FL could also tell the detailed requirements customer 
wants. The engineers confirm the activities in ERP system when they finalize the engi-
neering drawings and fill in the project components information in ERP system. 
 
3.3.5 Current Ordering, Production and Logistics (Stages 8-10) 
 
During the ordering phase, there is a certain department called material management 
(MM) in the case company that is dealing with the purchase orders. The MM coordi-
nate’s responsibilities are communication with the suppliers, dealing the purchase or-
der (PO) and ERP work. The current order process is described below: 
 
MM coordinate makes the PO, sends PO to the own factories or suppliers, requests the 
material delivery date from the suppliers, confirms the delivery date, coordinate the 
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materials delivery schedule with SM or PE if anything delay, and problems clarification 
during the production. 
 
For the case company, there are two parties who support the materials – the own fac-
tory and the external suppliers. The suppliers start the production after getting the pur-
chase order from the MM coordinate. After the materials ready the suppliers will deliver 
them to the case company’s distribution center (DC). 
 
After the materials are in the DC, the logistics specialists will send the materials ac-
cording to the ERP system input by the SM or PE. If there is any challenge regarding 
the materials delivery, logistics specialist will contact PE and communicate the chal-
lenges. In these two stages, there is no document required, and the collaboration is 
normally fully by email. When the materials arrived on the project site, the SCM official-
ly ends. 
 
3.4 Key Findings from Analysis of the Project Process in Finnish Units A and B 
 
As described above, two SC units have different practices, with similarities and differ-
ences between them. Since the objective of this study is to build a harmonized process 
for the SC units, the main attention in this part of the analysis is paid to the differences 








3.4.1 Key Similarities between Units A and B 
 
As shown in Figure 6 above, the similarities between Unit A and B, on the global level, 
relate to the following features.  
 
First, both SC units share the same main structure of the Project business flow, which 
lasts from the bid to the maintenance (Section 3.2). This similarity is shown in Figure 8 
above that demonstrates the value stream map for both, A & B. 
  
Secondly, both SC units are using the same main SCM practices, which also last from 
the order engineering to delivery (Section 3.3). However, along this process, the doc-
umentation differs much from each other. 
 
The third similarity relates to Stages 6-10. As can be seen from the value stream maps 
in Figure 8 above, after the final order check by the SC units, the order processes are 
handled by the same department. This gives the picture that major differences in the 
SCM are happened before the Component listing (Stage 6). As seen from the VSM 
above, after the stage “Order check”, both of the SC units are using the same re-
source.  
 
The next section explores the differences and their impact on each process. 
 
3.4.2 Key Differences between Unit A and B  
 
The differences between Unit A and B are from two perspectives, the visual items 
which is shown on the VSM, and the deeper reason which is shown in Table 6 from the 
current state analysis. 
  
The visual items as shown in the Figure 6, the green marks the practices which Unit A 
does and Unit B does not. The red marks the practice which Unit A does and Unit A 
does not.  
 
For Unit A perspective. In stage 1, project engineer checks the order details when Unit 
A gets the order from the FL. For Unit B perspective, there are internal and full chain 
kick-off meetings done before stage 2. Moreover, there is sourcing and quality meeting 
28 
 
in stage 3. Moreover, the unit B does detailed engineering in stage 5 while Unit A does 
not. Finally, there is a design quality meeting between stage 7 and 8 in unit B. 
 
The deeper differences between the two SC units which is conducted from the current 
state analysis as summarized in Table 6. 
 
Table 6. Key types of differences to be harmonized between Unit A and B. 
1. Organization structure 2. SCM process 3. SCM project resources 
Unit A Unit B Unit A Unit B Unit A Unit B Does not have cus-tomer solu-tion / service department 
Has custom-er solution / service de-partment 
Many check-lists which do not support very compli-cate project 
Many pro-cess docu-ments 
Lack of pro-ject handler Many project handlers 
Does not have process development department 
Has process development department  
Very strict, standardized process 
Very flexible process Not project oriented, e.g. normally no project chief designer 
Clear project structure picture and support 
    Not enough collaboration towards the different stakeholders 
Strong col-laboration towards the different stakeholders 
    
 
As shown in Table 6, the deeper differences between Units A and B can be summa-
rized from three perspectives: (a) Organization structure, (b) SCM process, and (c) 
SCM project resource. In order to harmonize the two current, parallel processes, the 
following differences need to be reviewed and discussed internally, including their im-
pacts, as possible targets for change: 
 
I. Differences related to Organization structure  
 
There are two major differences between A and B from the organization structure per-
spective. (1) The customer solution/service department which provide the supports 
function, (2) the process development. Point (1) is the focus area related to organiza-
tion structure. 
 
Unit B has a full set of customer support function which provides customer service in 
case customers are lacking the knowledge of the project related issue. Meanwhile in 
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Unit A because there is no customer support expert, PE or PM has to ask supports 
from other departments inside the company. In some cases, PE might get answer very 
late or even no answer, this cases the slow support to the customer. In the service 
business, the customer technical support is also one part in the process that could be 
harmonized for A and B. 
 
II. Differences Related to SCM Process Issues 
 
As seen from the stage-by-stage analysis above, the documents in the process be-
tween two SC units are not the same. Furthermore, the current state that B has too 
many documents and A has too many checklists gives the space for harmonization. 
 
During the process execution phase, B is sometimes too flexible this cause the prob-
lem that stakeholders lose the control of it. Whilst in Unit A the process is very strict 
towards the FL and engineers. The balance between the strict and flexible in the pro-
cess execution needs to be solved. 
 
When the problems or clarification are occurred, the way in B is SM organizes a meet-
ing with the stakeholders or just gives a call. Under the same situation the way A nor-
mally does is forward the questions or clarification to the stakeholders. These two 
types of integration make the project collaboration very different.  
 
The above three points are the focus area related to SCM process. 
 
III. Differences Related to SCM Project Resource Issues 
 
Unit A is normally doing the project without any project structure, whilst in unit B the 
project structure is very clear. When the SC units get the project order from the FL, 
Unit B normally establishes the project team and builds up the project atmosphere. 
Whilst in A, there is normally no team built for the project, and the focus is majorly on 
the process instead of project. The project team building creates the common goal and 
target for the group. This is the focus area related to SCM project resource. 
 
Summing up, the current state analyses of the two units’ processes was done by inter-
viewing key stakeholders regarding the processes in different stages, the workshops 
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for analyzing a possible harmonized process, two case units’ internal documents, and 
ERP system.  
 
The findings reveal the similarities and differences between the two SC units. The CSA 
focused on the differences and came to the conclusion that they can be categorized in 
three categories: (1) related to Organization structure, (2) related to as SCM Process, 
and (3) related to SCM Project resource. In order to harmonize the process for A and 
B, all these issues should be taken into consideration. Next section discusses the exist-
ing knowledge related to the challenges of the SCM process harmonization which 





4 Harmonization Process for Different Type SCM 
 
This section discusses the findings from literature and existing knowledge related to 
different types of SCM, organizational focus and process harmonization. This section 
proposes a harmonization framework based on the comparison in three different do-
mains – SCM, project & process oriented processes, and the level of harmonization. 
 
4.1 SCM Overview   
A supply chain is defined as a set of three of more entities (organizations or individu-
als) directly involved in the upstream and downstream flows of products, services, fi-
nances, and information from a resource to a customer (Mentzer et al.2001). Similarly, 
Chopra and Meindl (2016) define that a supply chain consists of all parties involved in 
fulfilling a customer request, and the supply chain includes the internal and external 
organization.  
  
Cooper et al. (1997) argue that the Supply Chain Management is the coordination of 
activities and processes within the organizations in supply chain. Moreover, it is im-
portant to know the scope of SCM. As Mentzer et al. (2001) argue that the scope of 
SCM can be functional and organizational, where the functional scope refers to the 
process, and the organizational scope concerns the inter-firm relationships. Other than 
the scope, the framework is also important to be mentioned. The SCM framework is 
made of three parts-business process, management components and the structure of 
the supply chain (Cooper et al. 1997). In the other word, the process, management 
components and the SC organization structure is the basic elements of the SCM. 
Therefore, the scope of the SCM literature review is built upon these three perspec-
tives. 
 
A literature review by Gosling and Naim (2013) shows, the supply chain structures can 
be categorized in six different types: assemble-to-order (ATO), buy-to-order (BTO), 
engineer-to-order (ETO), make-to-order (MTO), make-to-stock (MTS), ship-to-stock 
(STS) (put the literature here based on the engineer-to-order supply chain manage-
ment). The focus of the study is on ETO and MTO type of SCM in construction busi-
ness. Hence, the following sub-sections literature reviews literature of the SCM in con-




4.2 SCM in Construction Business 
 
The SCM in construction is defined as the “network of facilities and activities that pro-
vide customer and economic value to the functions of design development, contract 
management, service and the material procurement, materials manufacture and deliv-
ery, and facilities management” (Love et al. 2004). 
 
It is argued that the traditional SCM models have been developed for a process-centric 
context and it is in the transposition to project-oriented contexts (Aloini et al. 2015). 
Moreover, according to the complexity and diversity of the construction supply chain, it 
is problematic to achieve the integrated delivery of the industry’s projects and process-
es, for example, in Construction SCM (Briscoe and Dainty 2005). This indicates that 
the construction SCM is either project oriented or process oriented.  
 
The different types of SCM in construction business are emphasized in many articles. 
One argues that the SCM in construction is a typical MTO SCM with every project cre-
ating a new product or prototype (Vrijhoef and Koskela 2000). However, another 
(Segerstedt and Olofsson 2010) argues there are different types of the construction SCM 
can be: (a) make-to-stock (MTS), (b) assemble-to-order (ATO), (c) MTO, and (d) ETO. 
This study further discusses the MTO and ETO, thus the following subsection focuses 
on these two types of SCM. 
 
4.2.1 MTO (Make- to-Order) SCM 
 
The MTO SC is managing the products with low level customized products. As Hand-
fiedl (1994) argues that the Make-to-order (MTO) product is manufactured in order to 
meet a customers’ requirement, and it is a type of process which there is little product 
variation. 
 
The MTO SC order is starting to the manufacturing only after the company demand 
has been received in MTO SC (Youssef et al. 2004). For example, The typical MTO 
process is follow as below (Figure 7), (1) Standard order processing, (2) Order confir-
mation, (3) Customer agreement, (4) Enter order details to database & Place order to 
suppliers, (5) Receipt and inspection incoming parts, (6) Process set up and start man-





Figure 7. A typical MTO process (Karim et al. 2008: 2391). 
 
As seen from Figure 7 above, the total lead time of the product delivery concludes two 
parts-the non-value added in the left, and value added activities in the right. Clearly, to 
eliminate the non-value added activities as a key theme in the MTO SCM (Karim et al. 
2005). This MTO model will be as a reference SCM model in the section 5. 
 
In MTO SC, normally the problem can occur not because of the product but due to the 
company operation mode (Jahnukainen and Lahti 1999). In the other word, the process 
management and insuring everything correct at the first place are important in the MTO 
SCM. Comparison of the ETO and MTO SCM. Moreover, MTO companies are rarely 
accurately forecast demand, order materials and produce in advance or effectively be-
cause of the customized products (Stevenson et al 2004). Thus, proper forecast for the 
customized products is important for the MTO SCM.  
 
There are two types of supply chain, the traditional and the customized SC (Childer-
house et al 2003). Traditional SC models have been developed for a process-centric 
context (Aloini et al 2015). Furthermore, the studies of the MTO SCM have been fo-
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cused on the process performance rather than the project work. Thus, it can be argued 
that the MTO SCM is majorly process-oriented practices. 
 
4.2.2 ETO (Engineer-to-Order) SCM 
 
The ETO SC is managing the products with high level customized products. Based on 
the views of Gosling and Naim (2013), the engineer-to-order (ETO) supply chains has 
the products which requires modification or develop completely new designs. 
 
Clearly, there is a link between the customization and the ETO supply chain. Based on 
Pandit and Zhu (2007), ETO is a kind of manufacturing process for mass (highly) cus-
tomized products. In their paper, it is also argued that the ETO requires the design and 
engineering in details in order to achieve the specifications from customers. Further-
more, Haug et. 2009 argues that the ETO type of organization is the mass customizer. 
Thus, the mass customization is one of the features of ETO SCM. 
 
In general, the ETO type of supply chain includes two types of products, the standard 
components and the customized products. The customized products normally require 
modification or even totally new designs. Therefore, managing the customized and 
standard products with different method will increase the efficiency because. For ex-
ample, supply the customized products with one practice, and supply the standard 
products with one practice.  
 
It is argued in business literature that ETO SCM is traditionally project oriented and 
good at leading designing, product development and customization performance 
(Camero and Braiden 2002). The typical ETO process could be found from the litera-
ture, for example, a typical ETO process is composed of six phases (Pandit and Zhu 





Figure 8. The general ETO process (based on Pandit and Zhu 2007). 
 
As seen from Figure 8, the typical ETO process can have six major steps, (1) Place 
order, (2) Procure order, (3) Manage product, (4) Design product, (5) Build product 
(fabrication), and (6) Use product. The inputs and outputs from the figure should be 
emphasized because without the clear features the process cannot move forward. 
 
It is argued that integration is always one of the key activities in ETO SCM (Mentzer et 
al.2001). This implies the workers in the SC should work closely and collaboratively. 
Clearly, ETO SCM is excellent in performing the customized products. However, there 
are defects of the ETO SCM. For example, the most significant problem of ETO is long 
lead time (Pandit and Zhu 2007).  
 
The procurement process is one of the most important part in ETO SCM. For example, 
it is presented that the procurement should be done in different phase during the pro-
cess-bidding phase, basic designing phase and the detailed design phase (Pandit and 
Zhu 2007). In the other word, the ETO SC is involving in the bidding phase of the 
whole business process, this is before the SC get the order confirmation. 
 
4.2.3 Comparison of the ETO and MTO SCM 
 
From the literature review, both ETO and MTO supply chain management require cus-
tomization of products. Additionally, Handfield (1994) points out the differences be-
tween the ETO and MTO type of manufacturing (Figure 11). As shown in Figure 11, the 
ETO has longer lead time than the MTO SCM. Moreover, the MTO type of SCM re-
quires more time in the design phase.  
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Related to some other phase, for example, business practitioners and scholars are 
aware of the importance of the planning in the supply chain. Especially for ETO type 
supply chain, since the lead time is always very long for the customized products. Fig-
ure 11 below highlights the major differences between the MTO and ETO process. 
 
 
Figure 9. The delivery leadtime for different product type (Handfield 1994: 386). 
 
Figure 9 shows the differences between the MTO SC and ETO SC practices. First, the 
ETO SC has longer processes-start from the “Design” phase, whilst MTO SC starts 
from “Procurement” phase. Secondly, compare with the MTO SC, the ETO SC has a 
higher “Degree of Customization”. 
  
To visualize the differences of ETO and MTO SCMs, the following figure shows the 
general process, structure and resource needs for both SCMs which is tackled from 
Figure 7 and 8. 
 
 




As Figure 10 shows, the ETO and MTO general process seems very similar, however, 
there are several evidences shown the differences: (1) ETO focuses on managing the 
product (e.g. manage product & Design product) versus. MTO focuses on inspection of 
the product (e.g. product inspection); (2) ETO uses the products after the manufactur-
ing versus. MTO assembles the products after manufacturing. Except the visible items, 
the other perspectives show the similarities and differences of ETO and MTO SCM are 
shown in Table 7 below. 
 
Table 7. The differences and similarities from the literature for MTO and ETO SCM. 
  MTO SCM ETO SCM 
Type / Feature 
Make-to-order (MTO) product is manu-factured in order to meet a customers’ requirement, and it is a type of process which there is little product variation (Handfield 1994) 
ETO type of organization is the mass customizer (Haug et. 2009) 
Starting point 
SC order is starting to the manufacturing only after the company demand has been received in MTO SC (Youssef, Van Delft and Dallery, 2004) 
SC order sometimes start in the bidding phase (Pandit and Zhu 2007) 
key activ-ity To eliminate the non-value added activi-ties as a key theme in the MTO SCM (Karim et al. 2005) 
Integration is always one of the key activities in ETO SCM (Mentzer et al.2001) 
Problems 
MTO companies are rarely accurately forecast demand, order materials and produce in advance or effectively be-cause of the customized products (Ste-venson et al 2004) 
The most significant problem of ETO is long lead time, the procurement should be done in different phase to shorten the lead time (Pandit and Zhu 2007) 
The problem occurs not because of the product but the company’s operation mode (Jahnukainen and Lahti 1999) 
Requires modification or develop completely new de-signs Products (Gosling and Naim (2013)) 
Focus MTO SCM focuses on the process man-agement ETO SCM focuses on the project management 
Others 
  
The procurement should be done in different phase dur-ing the process-bidding phase, basic designing phase and the detailed de-sign phase. (Pandit and Zhu 2007)  
Summing up, the differences shown in Table 7 could be seen from three perspectives: 
(1) MTO SCM has low customized products vs. ETO SCM is a mass customizer; (2) 
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MTO SCM starts the order when the demand is recognized versus. ETO SCM is also 
involved in the bidding phase; (3) MTO SCM problems with the operation mode versus. 
ETO SCM’s most significant issue is long lead time. It is important to notice the differ-
ences in order to harmonize the MTO and ETO SCM. These themes will be further 
utilized in section 5 when building the proposal. 
 
4.3 Two Types of Organization Structure 
 
The customer order management could be performed as ordering process and project 
management in an organization. Thus, it is important to understand the differences 
between these two customer order arrangement. In order to identify the distinction, this 
section introduces the organization focus from two perspectives: the project oriented 
focus and the process oriented structures. The following sub sections introduce the 
definition and features of the two types of organization structures and compare them in 
the summary. 
 
4.3.1 Project Oriented Organization Structure 
 
The project-oriented company is defined as a company that have traditionally focused 
on product-centric project deliveries as their core business, and increasingly comple-
menting their deliveries with different types of service offerings to create customer spe-
cific solutions (Kujala et al. 2012). 
 
Companies are increasingly managing their daily work as a project management in 
order to achieve business goals (Hyväri 2005). Thus, it is important to know the fea-
tures of the project-oriented organization focus. For example, one of the papers argues 
that the number of project’s strong stakeholders is important to the project (Artto et al 
2007). Moreover, Kujala et al. 2012 present that the project-based company provides 
the tangible and intangible elements to the customer, which tangible implies the prod-
ucts or solution and the intangible means the service or solution. 
 
Other than the features, it has been noted that the procurement is as important as oth-
er phases such as design and manufacturing in the project-based organization (Elfving 
et al 2005); in their paper, the author also argues that the work could be done in a par-





Figure 11. The procurement process for project-oriented organization (based on Elfving et al. 2005: 180). 
 
As seen from Figure 11, in this example, before the design and the procurement pro-
cess are linear and the process takes 86 weeks totally. However, after the design and 
procurement works parallel, the total deliver process is 41 weeks. Project-based com-
panies are increasingly adding services to their offerings (Kujala et al. 2012). Clearly, 
the result emphasizes the advantage of the parallel works that shortens half of the total 
delivery time. In doing so, the parallel works requires upon on a lot of integration of the 
different parties. 
 
4.3.2 Process Oriented Organization Structure 
 
The organization process is defined as pulling together absolutely everything neces-
sary to deliver important component of strategic value (Hagel et al, 1993).  
 
Most of the process-oriented organization hardly define the level of collaboration their 
employees should follow (Majchrzak and Wang 1996); in their paper, the disad-
vantages in process-oriented organization are pointed out: (1) The collaboration for the 
employees is not well defined, and (2) Repeat the same problems when there is no 




The resources need for the process oriented organization is well defined from the liter-
ature. First, the collaboration is in order to work together (Majchrzak and Wang 1996). 
Second, process owner leads the process development (Hammer and Stanton 1999). 
Third, organizational units are organized around core processes and other processes 
are modified based on the core processes (Vanhaverbeke and Torremans 1999). 
Fourth, the business units are doing things better with their own process or work but 
lacking of the knowledge of others processes or works (Ostroff and Smith 1992).  
 
Understanding, analysing and solving make the process management steps to fix the 
gaps in the process. Hagel et al. (1993) discuss the way how to measure the process 
in the process-oriented organization: Firstly, understand the performance drivers and 
the performance targets; secondly, do the gap analysis; thirdly, identify the gap; finally, 
fix the gap. The detailed process as shown in the below table: 
 
Table 8. The process of approaching problems in the process-oriented organization (based on Hagel et al. 1993: 55). 
1. Understand “The performance drivers and the performance targets” 
2. Analysis The gap. “Where am I today? Where I need to be? What obsta-
cles are in the way of my getting there?” 
3. Solve “What sources of leverage can I tap to overcome them?” 
 
Except for fixing the problem in the process, another way of making the process better 
is the process standardization and diversity in the process-oriented enterprises (Ham-
mer and Stanton 1999). Thus, Table 8 above could be used as a reference model in 
fixing the SCM gaps for the process ooccurred in Section 5. 
 
4.3.3 Comparison of the Project & Process Oriented Organizations 
 
The key elements of the project-oriented and process-oriented companies are intro-
duced in the previous sub section. As shown in Table 9 below, the key themes of the 








Table 9. The key themes of the Project & Process Oriented organization. 
   Project Oriented company Process Oriented company 1 
Definition 
The project-oriented company is defined as a company that have traditionally focused on product-centric project deliveries as their core business (Kujala et al. 2012) 
Organization process is defined as pulling together absolutely everything nec-essary to deliver important component of strategic value (Hagel et al, 1993) 2 
Proposition 
the number of project’s strong stakehold-ers is important to the project (Artto et al 2007) 
The collaboration is in or-der to work together (Majchrzak and Wang 1996) 3 
Key item 
Procurement is as important as other phases such as design and manufacturing in the project-based organization (Elfving et al 2005) 
Process owner leads the process development (Hammer and Stanton 1999) 4 
Structure 
Project-based company provides the tangi-ble and intangible elements to the custom-er, which tangible implies the products or solution and the intangible means the ser-vice or solution. (Kujala et al. 2012) 
Organizational units are organized around core processes and other pro-cesses are modified based on the core processes (Vanhaverbeke and Torre-mans 1999) 
5 Others  
Work could be done in a parallel manner (Elfving et al 2005) 
The business units are do-ing things better with their own process or work but lacking of the knowledge of others processes or works (Ostroff and Smith 1992) 
  
Most of the process-oriented organization hardly define the level of collaboration their em-ployees should follow (Majchrzak and Wang 1996)  
In summary, as well as shown from the table above, the major differences between the 
project and process oriented companies are from three perspectives: (1) Project-
oriented company with product-centric to provide a better service to the customer ver-
sus. Process-oriented company with process-centric to pulling everything together, (2) 
Strong stakeholders versus. collaboration with different process blocks, (3) Parallel 
working manner versus. Core process with sub process. These themes will be further 




4.4 Harmonization and Modularity  
 
Nowadays many companies deal more with the increased customized requirements 
(e.g. customization products) and variations (e.g. order change requirement). In such, 
one type of SCM cannot handle the different level of customization products and uncer-
tain variations. Thus, there should be a hybrid SCM to support this differences and 
uncertainty. 
 
Generally, harmonization is an approach and a precondition for optimizing the business 
processes and performance (Michalik et al 2013). Based on the views of Norta and 
Eshuis (2009), one of the harmonization approaches is to perform the process dynami-
cally. Similarly, in the SCM content, it is suggested that the approach to the improve 
SC performance is to perform hybrid strategies (Christopher 2000). As such, it could be 
argued that the one approach of the harmonization is to perform the hybrid SCM. 
 
Additionally, the architecture of any product or process can be more or less modular 
(Voordijk et al 2006). Therefore, this paper supports the approach that the harmonized 
SCM could be managed through the SC modularity. Modularity is a strategy for organ-
izing complex products and processes efficiently (Baldwin and Clark 1997). Another 
article also deals with the modularity from the service perspective by Bask et al. 2011, 
indicates that the modularity is one of the most important methods for achieving mass 
customization.  
 
It is argued that the scope of the modularity is through the whole business process 
(Baldwin and Clark 1997). In the other words, the process can be modularized accord-
ing to the business content. Moreover, the modularity can be categorized in three as-
pects: services, processes and organization (Perkkarinen and Ulkuniemi 2008). In 
order to adopt in the SC environment, the modularity should be managed through the 
whole SCM process (from the bidding phase to the logistics phase). For example, 
when the modularity is made for the whole SCM process, the services, processes and 
organization should be modularized according to the different modules 
 
Furthermore, the modularity in SCM should be performed in three categories, the cus-
tomer service, the processes and the organization. In the other hand, the modularity 
does not exist by itself, it requires the all the elements support each other (service, 
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process and organization). Thus, when doing the modular, all these three elements 
should be considered. 
   
Summing up, Section 4 introduced and compared different types of the SCM and ori-
ented organization. The overall aim was to provide a framework to harmonize the ETO 
project oriented SCM practices and the MTO process oriented SCM practices. Fur-
thermore, section 4 also discussed harmonization through the lenses of SCM modulari-
ty in order to achieve a hybrid, modular SCM. 
 
4.5 Conceptual Framework  
This study, based on the discussion above, can point to the following steps to harmo-
nize, as well as control, the scope of the SCM process. This study chooses the modu-
larity perspective as an approach to harmonize the SCM processes.  
 
A harmonized SCM process could be managed through the SC modularity. Modularity 
is a strategy for organizing complex products and processes efficiently (Baldwin and 
Clark 1997). As such, the modularity of the SCM is managed from three perspectives: 
(a) the customer service, (b) the SCM process and (c) the organization. As business 
practice and existing knowledge suggests, it is important to select the supply chain 
type for the organization which includes the efficient & responsive process, customized 
& standard products (Fisher 1997). From the customer perspective, the efficient SC, in 
the other word, the agile & flexible SC, is able to service the customer more rapidly 
(Christopher and Towill 2000). Thus, the hybrid SC is more efficient from the organiza-
tion perspective, and can provide a better customer service. However, agility or flexible 




Figure 12 below merges the findings related to harmonization and modularity in SCM 
into the conceptual framework that could then help in guiding a harmonization of the 





Figure 12. Conceptual framework of this thesis. 
 
As shown in Figure 12, a harmonized process can be built on the modules established 
from four perspectives: (1) make-to-order SCM, (2) engineer-to-order SCM (3) process 
oriented structure and (4) project oriented structure. The approach of the harmonized 
process is the supply chain modularity. 
 
From the existing knowledge and best practice related to (a) Make-to-order process, 
this study stresses the importance of production type, process focus and short order 
lead time. From the perspective of (b) Engineer-to-order process, this study stresses 
the importance of mass customization, early involvement and long lead time.  
 
From the perspective of (c) Process oriented structure, this study stresses the im-
portance of collaboration needs, identifying the gap and simple manner practices. Fi-
nally, from the perspective of (d) Project oriented structure, this study stresses the im-
portance of product-centric, customer service and parallel manner ideas. 
 
From the perspective of the harmonization approach, this study highlight that the 
modularity should be done through the whole process instead of some parts. Moreo-
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ver, the study stresses the three major parts to be modularized - services, processes 
and the organization. 
 
As a result of selecting these four perspectives, the CF of this thesis includes three 
parts and the sequence is presented as follow: firstly, the ETO SCM with mass custom-
ization, big cover of business process and project oriented structure. Secondly, the 
MTO SCM with some customization, shorter cover of business process and process 
oriented structure. Thirdly, to harmonize the different types of SCM with SC modularity 
approach to the hybrid, harmonized SCM. 
 
In the next section, the study builds the proposal harmonized SCM for the case com-









5 Building a Concept for Both Supply Chain Units 
 
This section builds the proposal for the case company based on merging the results of 
the current state analysis, findings from existing knowledge and suggestions from the 
stakeholders in the SC Project process. 
 
5.1 Overview of the Proposal Building Stage  
The proposal is tailored to meet the objective of this study which is to harmonize the 
SCM for the two SC units in the case company. First, the CSA scrutinized the current 
SCM practices of the case units into three aspects: 1. Organization structure, 2. SCM 
process and 3. SCM project resource. Thus directed, the study explored best practice 
related to harmonizing the SCM process and decided to approach it from the modulari-
ty perspective. 
 
For building a harmonized process, the approach based on increased modularization 
was adopted. These modules were proposed to be established from four perspectives 
(as suggested in the CF): (1) make-to-order SCM, (2) engineer-to-order SCM (3) pro-
cess oriented structure and (4) project oriented structure. 
  
For the proposal building, the current SCM process was discussed from three dimen-
sions (based on CSA). First, the proposal focused on the difference is between too 
many checklists and too many process documents. There were two group interviews 
done to discuss these challenges related to use of the current documents in the case 
company. Based on the results of this discussion, this study proposed how to harmo-
nize and categorize the checklists and process documents into one format.  
 
Second, the proposal focused on the difference between the standardized process and 
the very flexible process, which is very strong between the two units in the current 
SCM process. For this reason, the study proposed to modularize the process into a 
strict and a flexible process based on the level of customization and SC modularity.  
 
Thirdly, the proposal focused on the difference between the not enough integration and 
the strong collaboration with different stakeholders, which is very strong between the 
two units in the current SCM process. Modularization for this difference is based on the 
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process-oriented and project-oriented structure (as suggested in CF), and the collabo-
ration was proposed to match the level of customization for different types of products. 
 
Further on, the proposal focused on the organization structure where there is a strong 
difference between the customer service/support function, which Unit A does not have, 
whilst unit B does have it. For this reason, the modularity in the level of customization 
was proposed to differ for (1) the high level customized products where the customer 
support is necessary, to (2) the mid-level, where the service could be needed, and (3) 
the low level products, where the service is not necessary. 
 
These challenges addressed in the Proposal are related to the problems which were 
identified from the CSA. Table 6 below reminds about the finding from CSA (tackled in 
the proposal). 
 
Table 6. Key types of differences to be harmonized between Unit A and B (from CSA). 
1. Organization structure 2. SCM Process 3. SCM Project resources 
Unit A Unit B Unit A Unit B Unit A Unit B Does not have cus-tomer solu-tion / service department 
Has custom-er solution / service de-partment 
Many check-lists which do not support very compli-cate project 
Many pro-cess docu-ments 
Lack of pro-ject handler Many project handlers 
Does not have process development department 
Has process development department  
Very strict, standardized process 
Very flexible process Not project oriented, e.g. normally no project chief designer 
Clear project structure picture and support 
    Not enough collaboration towards the different stakeholders 
Strong col-laboration towards the different stakeholders 
    
 
In addition, in relation to the SCM project resources (from CSA), the proposal also 
tackled the difference between the not project oriented and clear project oriented struc-
ture (as suggested in CF). Thus, the modularity for the process and project oriented 
structure proposed in the Initial draft below was made based on these reasons (as es-





5.2 Findings of Data Collection 2  
The key theme conducted from Data 2 is shown in Table 9. During the meeting, it is 
discussed that there was a need for three categories when the company is doing the 
orders/projects from the customers based on the CSA and CF. From the literature dis-
cussed earlier, it was clear that the customization level (project complexity) as well as 
the products quantity are two most important measurements in the SCM. Therefore, 
these categories were discussed with the stakeholders and their definitions were pro-
posed as listed in Table 10 below. 
  
Table 10. Categories suggested for the process flowchart of the draft proposal. 
 Project  Customization level  (complexity level) 
Category Best practice (identified from CF) Modified  components New design  components 
 1 High Large quantity Medium-large quantity ETO SCM, Project-oriented structure  2 Medium Medium quantity Few ETO SCM, Process-oriented structure  3 Low Few -medium quantity No new design MTO SCM, Process-oriented structure  
As seen from the table above, there were three customization levels proposed for the 
order/project-high, medium and low. The initial proposal to support these three cate-
gories combines the different themes of MTO SCM, ETO SCM, process-oriented and 
project-oriented structure. 
 
The other important points from Data 2 collection are that the company is currently 
developing the harmonization practices for the whole business process. Therefore, the 
interface between the SCM with other departments should also be considered in the 
initial proposal. 
 









Table 11. Suggestions from stakeholders for the harmonized proposal. (from Data 2) 
  Issue related to Suggestions, Data 2 
1 Organization structure (from CSA) 
"We have to make process improving in xxx (Unit A) 
2 "Every complicate project needs support" 
3 "We can build the process based on the complexity" 
4 
SCM process (from CSA) 
"The process is the project based things, we could categorize the process" 
5 "The FL is also a very important part in the process" 
6 "We can share the time and resource for both xxx and xxx (Unit A & B) 
7 SCM project resource (from CSA) 
"In xxx (unit B) you own the project, the SCM need early involvement in the pro-ject" 
8 
"In xxx (Unit A) the process is Day-to-Day the same, our order is always 'surprise order"  
As seen from Table 11, the stakeholders gave many suggestions for the building of the 
draft proposal. One of the stakeholders made a key suggestion that the process could 
be built based on the order/project complexity: "We can build the process based on the 
complexity". Moreover, from the SCM process perspective, one of the stakeholders 
suggests that “The process is the project based things, we could categorize the pro-
cess”. Finally, for the SCM project resource perspective, it was also suggested that 
“the SCM need early involvement in the project”. 
 
Next section illustrates the draft proposal which is built based on the CSA, CF and Da-
ta collection 2.  
 
5.3 Draft Proposal for the Project Process for Units A and B  
This SCM process combines and harmonizes the current process and breaks them into 
three levels of modules based on the complexity. The proposed SCM process 














 As shown in Figure 13, the link between the different modular is the Project complexity 
check point (PCCP). The PCCP in the process plays an important role. Because once 
the complexity level has been identified, the focus of how to proceed the project/order 
is confirmed.  
 
As seen from Figure 13, there are three PCCPs. The first one appears after FL ac-
quires prices from SC. In this phase, the process is divided into two ways-the Low & 
Medium and the high modular. The second one happens after order to SC unit. In this 
phase, the process separates the low and medium to two different modular. The third 
one is a bridge from the medium modular process to high modular. Because after the 
Basic engineering is done, the requirements could be high based on the findings from 
the Basic engineering. 
 
5.3.1 Common Module (Module 1) 
 
The proposed harmonized process starts with the Bidding. In this phase, the FL repre-
sentative Requires the project tender price form the SC unit. The input in this stage is 
the technical documentation from the FL. Module 1 for the start of the process is shown 
in Figure 14 below. 
 
  
Figure 14. Module 1, Common module-from Bidding to first PCCP. 
 
The next step is the first Project complexity check point (PCCP). In this stage, SC en-
gineers and FL representatives check the specification from the customer together. 
When checking the complexity of the project specification, the process flow may go 
either low & medium or high module process. One reason for having two modules here 
is to allow the FL team has support from SC unit in the beginning when the project is 
very complex. With the support from SC during the tendering phases, it could strength-
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en the knowledge of the whole team, because normally SC team has the technical 
knowledge which FL team does not have. This supplementation increases the oppor-
tunity for the company to win the order from customer. 
 
5.3.2 Low and Medium Modules (Module 2) 
 
For low & medium level project (order), the process shares the same module before 
order to SC. In this period, the SC Provides the project tender price to FL. FL Negoti-
ates the project details with the customer until the company Wins the project contract. 
Module 2 is shown in Figure 15 below. 
 
 
Figure 15. Module 2, Low & Medium – From provide price to order to second PCCP. 
 
As seen from Figure 15 above, the low and medium level project start using different 
modules from the second PCCP. In the other word, the process flow is divided to low 
and medium module after the SC unit gets the order. Next sub-section explains the low 
level module. 
 
5.3.3 Low Module SCM Process (Module 3) 
 
As the order complexity being identified in the low category, the low categorized pro-









Figure 16 illustrates the steps from the Order to SC nit to All products configures to 
ERP. In this module, it is the PE or SM’s responsibility to ensure the purchase order 
(PO) specification to ERP, Basic engineering done according to the PO, All production 
information in ERP, and the PO correction between engineers and FL. 
 
The first step in Module 3 is to check the PO specification which is from the FL. The 
tool used here is a checklist. PE checks the PO and fill in the checklist during the 
checking period. If there is something wrong or unclear in the step, PE will clarify the 
issues with FL. 
 
When all the checks have been done and passed, PE will open the PO in ERP and 
input the PO specification in there. The important here is to make sure the information 
is correct based on the PO. After the ERP has been opened, the activities are all made 
in the ERP system as shown in the appendix 4. 
 
The third step is to Open the ERP activity to require the Basic engineering from the 
engineering department. The Basic engineering means to make the system level draw-
ings such as the building layout drawings, the details components are not shown in the 
Basic engineering drawings if the components are very special (need to be custom-
ized). It is PE’s responsibility to ensure all the information (input) is correct in ERP in 
this step. Engineer will finish the engineering according to the input from PE in ERP. 
 
When the drawings are finished, engineer saves them in the case company Product 
Data Management system (PDM), confirms the ERP activity and notifies PE that basic 
engineering is done.  
 
PE will send the notification to FL that the basic engineering has been done. In this 
step, FL takes the responsibilities to confirm the drawings with customer. Because 
once the drawings have been approved by the customer, they will be one part of the 
final order documents. It is important to make sure the drawings are correct. 
 
When the customer confirms the Basic engineering, it means customer agrees that the 
SC unit could produce all the order components based on that. When FL gives the Fi-
nal order to SC, it should include (1) order documents, (2) schedule confirmation, and 




After FL sends the Final order to the SC unit, the PE will check if the configures are the 
same between the order documents and basic engineering. Additionally, all the order 
related documents should be saved in PDM. This procedure ensures the information 
transparency and availability to all the stakeholders.  
 
When all the order documents are ready under the PDM, PE opens the ERP activity to 
request the engineering department to list the components in ERP. The input data in 
this stage from PE is all the correct final PO related documents. 
 
Next step is the Component configures to ERP. This step basically means that all the 
final order documents are input to ERP. So ERP will have all the PO information such 
as components drawings, dimensions, materials and quantities. These correct infor-
mation ensures the purchasing department (Material management in the process map) 
to have the correct information send to suppliers. In addition to transferring the PO into 
ERP, the listing engineer also opens the engineering activity in order to get the infor-
mation which ERP does not provide. For all the configures, ERP has a range for listing 
engineer to choose. When the products are extended certain range, it means that the 
products will be either modified based on the existing product or totally new design. 
Then the engineer will open the ERP activity accordingly in order to get the configures 
from the engineers such as mechanical engineers, electrical engineers and software 
engineers. 
 
In the component engineering stage, the engineers are responsible to check the re-
quirements from the listing stage. The engineers in this step is going to check the emp-
ty ERP configures, make the drawings or select it from the case company engineering 
bank. Finally, All the configures are in ERP regarding the PO. In the next step all the 
three complexity modular will share the same process flowchart (Module 9), it will be 
introduced when all the three levels are discussed. 
 
5.3.4 Medium Module SCM Process (Module 4, 5, 8 and 9) 
 
The medium process consists three parts, (1) From PO kick off meeting to Basic engi-
neering, (2) From Basic engineering to final order, (3) From Final order check to FL 
gives permission to start manufacturing, and (4) From Material management to all 
products on site. The step 3 is the common module for medium and high categories, 
56 
 
the step 4 is the common module for all categories and it is discussed in this sub sec-
tion. 
 
I. From PO kick off meeting to basic engineering 
 
As seen from Figure 17 below, the first step is PO kick off meeting. In this step, the 
tender engineer is responsible to hold the meeting with PE. Additionally, PE is in 
charge of the communication between the FL and SC. During the meeting, the tender, 
tender engineer should tell what has been offered to the FL during the PO tender 
phase. Module 4 is shown in Figure 17 below. 
 
 
Figure 17. Module 4, Medium-from PO kick-off to Basic engineering. 
 
After knowing what has been offered to the FL, PE will check if the information is 
enough to continue the order processing. The sufficient information includes the order 
document, the things have been provided/promised to the customer, the requirements, 




When the information is enough, PE will input the PO specification to ERP. This opera-
tion is as same as in Module 3. If the information is not enough, then the Full chain 
kick- off meeting should be held. The Full chain kick-off meeting is to tame up the 
stakeholders, enhance the collaboration and clarify/correct the PO specifications at the 
first place. 
 
The next step PE opens the ERP activity to request the Basic engineering. The pro-
cess after the Basic engineering may go to two different modules. One is the module 
that complexity keeps medium. Another possibility is the complexity will become high 
because the engineer can identify a lot of unmet modified or totally new products dur-
ing the Basic engineering process. This shows the dynamic of the modular process 
and it is also the link between medium and high modules. 
 
When the engineer finish the Basic engineering and the PO complexity remains to be 
medium, next step will be PE submit the drawings to FL as Figure 18 shows below. 
 
 
II. From Basic engineering to Final order 
 
If the complexity remains to be medium, the process flowchart goes as shown in Figure 
18, next page. In this module, after PE submits the drawings done by the engineer to 
FL, FL will discuss the drawing with the customer. The Basic engineering done means 
the drawings are approved from customer or FL, and it could be done through some 
drawing revisions in SC. 
 
The next activity is to Make the detailed engineering. The approach is that PE opens 
the activities in ERP. The Detailed engineering means to require the solution or draw-
ings for the customized products in PO which is identified earlier from customer, tender 
and basic engineering. This ensures that all the solution and customized products is 
confirmed and made before the final order. Moreover, it avoids the uncertainty appears 
in the late phase. 
 







Figure 18. Module 5, Medium complexity - from Submit drawing to Solution approved. 
 
After the Basic engineering is ready and the Detailed engineering is done, first PE will 
make the Sourcing plan to decide where those customized products will be purchased. 
Then PE will communicate the solution and customized products with the FL and cus-
tomer. Here highlights the collaboration among the stakeholders, because the detailed 
engineering drawings might affect customer’s other products in the building. If the cus-
tomer does not like or agree with the solution, there will be some revisions done in col-
laborated with the customer. The outcome of it is to get the Basic & Detailed engineer-
ing agreed with the customer before the Configures to ERP. 
 
As such, the Final order consists the order documents, the Basic & Detailed engineer-
ing approved and Sourcing plan for the customized products. The next phase is the 






III. From Final order check to FL gives permission to start manufacturing 
 
The medium and high modules will join together after the final order (as seen from the 
figure below).  
 
 
Figure 19. Module 8, Medium & High-from Final order to Permission to manufacturing. 
 
The process flowchart follows as same as the low module (Module 3) from Order check 
to All products to ERP. The different part is before the FL gives permission to start 
manufacturing. There is System level design quality review, as Figure 19 shows. The 
Design quality review is to let engineers check the interface for the components they 
have designed in the system level. This is because for Medium & High modules or-
der/project there are quite large amount of modified and new designed components. 
This allows the engineers to make sure that all the components work together on the 
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system level and gives opportunity to make correction before making any mistakes in 
the manufacturing. However, the Design quality review is only meaningful for the Medi-
um & High modules. The reason is for low module most of the products could be cho-
sen from ERP system. The ERP system has automatically checked the interface al-
ready, another interface checking by engineers is unnecessary.  
 
IV. From Material management to All products on site 
 
This phase (Module 9) is the common module for all categories.   
 
 
Figure 20. Module 9, Common-from Material management to All products on site. 
 
When All the products/components information are ready in ERP, the next step is 
shown from Figure 21 that the purchase orders will be sent to the suppliers from the 
Material management department. The material coordinate ensures to make the cor-
rect supplier PO based on the information given from ERP. 
 
The next step is Supplier manufacturing, the way to proceed the PO is slightly different 
between the low & medium and high modules as shown from the initial proposal map. 
From high module there is an arrow from the high module that the supplier will meas-
ure and test the components based on the quality test document made by the compa-
ny. For low & medium normally, the suppliers follow the PO specification and drawings. 
 
After the components finished, they will be delivered to the company distribution cen-







5.3.5 High Module SCM Process (Module 6 and 7) 
 
From Module 1 after the FL requests the price from SC, it may separate to low & medi-
um or high modules. This sub section presents the high module SCM process from 
beginning in the tendering phase to Final order as Figure 22 shows. The stage after the 
final order is same as the medium module.  
 
The high module consists four parts. (1) From SCM involve in tendering phase to order 
to ERP (Module 6), (2) basic & detailed engineering to engineering sourcing, quality 
plan ready (Module 7), (3) Final order to permission to manufacturing (Module 8), and 
(4) material management to all products on site (Module 9). 
 
I. From SCM involve in tendering phase to Order to ERP 
 
The high module starts from the Module 6, and the process in Module 6 is shown in 
Figure 21 below. 
 
The first step is SCM involve in the tendering phase, this way differs from the other two 
different modules. The SCM involves in the earlier project stage highlights the support 
from SCM. It is because in high category project there are a lot of modified and new 
designed components, this basically means the offer content will be provided to the 
customer is currently out of the company scope.  
 
With the support from SCM in the beginning there are following benefits. First, the 
company can provide more competitive solution with the collaboration between the FL 
& SC organizations. Secondly, SCM colleagues could provide the valuable information 
to the FL which increases the possibility to win the order. Thirdly, it simplifies the pro-
cess by working in the common target in the beginning. For example, the SC could 
save the time to have PO kick-off meeting because everyone has been working from 
the tendering phase and know what has been promised and offered. 
 





Figure 21. Module 6, High-from SCM involve to Order to ERP. 
 
After the SCM involve step, the Customer solution service will be provided. This means 
that the company would provide the solution to the customer. In this stage, the Material 
sourcing plan for the components will be initiated, it is because (1) save the purchasing 
cost for some components material in order to lower down the offer price, (2) enable to 
provide a competitive materials leadtime by informing supplier in the very early project 
stage, and (3) give enough time for the product development by making long tern plan 




Next step SC provides the price including the solution to the FL, then FL makes the 
offer based on the SC price to the customer. 
 
After that the FL & SC employees will Negotiate the price and solution together with the 
customer, in order to provide a better service and have more chance to win the project 
order. This step differs from the other two categories that FL negotiate the contract 
alone with the customer. 
 
When the order is officially giving to the SC, the first step for the PE to do is to Formu-
late the SC project team which includes tender engineers, project chief designer, dif-
ferent component engineers and so on. The project team enable the common under-
standing and set same target to make the project successful. 
 
Next procedure is to have the Full chain kick-off meeting. The Full chain kick-off meet-
ing is a good chance to review what is the target of the project, risks and making activi-
ties. After the meeting, PE makes the order to ERP. 
 
II. From Basic & detailed engineering to Engineering sourcing, quality plan ready 
 
The high module continues with Module 7 from Module 6 and the process in Module 7 




Figure 22. Module 7, from Basic & Detailed engineering to Engineering sourcing, quali-ty plan ready. 
 
The reason for separate the high module is because there is a link between the medi-
um and high modules. As figures above shows, the medium modules can utilize the 
high module by jumping the process to from Module 5 to Module 7. 
 
After PE inputs the order to ERP, both Basic engineering and Detailed engineering will 
be opened simultaneously in ERP by PE as well. This is because there are many new 
designed products in the Basic engineering which means it is hard for engineer to en-
sure the correctness of the Basic engineering. Because Basic engineering means put 
the existing components together in a set of drawings, if there are customized prod-
ucts, the engineer will just draw a sketch and the customized products will be made 
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and confirmed through the Detailed engineering or Component engineering in Module 
8. By leveraging the simultaneous engineering, the Basic engineering will be finished 
faster and more accurate.  
 
When the Basic & Detailed engineering is done, the first Design quality review will be 
held. Because the engineering is done simultaneously, the Interface check meeting 
could make sure the designs are correct from the project system level. The Detailed 
engineering block is also the bridge from the Module 5 (Medium module). 
 
PE will Summarize the engineering solution to the FL after the System level interface 
being checked. Next step is FL submits the solution to the customer in order to get the 
solution approval. It is highlighted here that the FL & SC project teams work together, 
explain the details to the customer during solution negotiation with customer. This is 
because there are many designed products which may affect customer. 
 
After the Solution being approved by the customer, there will be a secondary Sourcing 
and quality meeting which is based on two perspectives, (1) Initiated sourcing and 
quality plan in the tendering phase, and (2) Basic & detailed engineering (customized 
components). The customized component sourcing plan will be reviewed and to identi-
fy if there are critical quality components. The updated forecast is also done in this step 
in order to make sure the adequate of the materials. 
 
There are two outcomes after the sourcing quality meeting. First is the engineering, 
Sourcing quality plan ready, this facilitates the project and make sure the component 
correctness before the final order. Secondly, there will be quality check document 
made together with the suppliers and inform suppliers for the very critical & special 
items. This information is to ensure the price and quality confirmation with the suppliers 
to avoid the time waste in manufacturing stage if there is anything wrong with the com-
ponents. 
 
For the high module, FL provides the final order includes medium category documents 
and the customized components engineering forecast with suppliers. After the final 
order, the process flowchart is the joint venture with the medium module and discussed 





5.3.6 Harmonized Documents for the New SCM Process 
 
The process documents are collected and harmonized in order to match the harmo-
nized SCM process. In addition, the process documents are well supplement for the 
draft proposal. The categories for the documents are co-created through the group 
discussion in the case company. 
 
Table 12. Document categorize based on the customization level for both units. 
 
As table 12 shows, there are three categories for the documents. And the documents 
are linked to the case company project whole life time. For the low category, there are 
11 documents which are used during the process. For the medium category, there are 
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20 documents are used during the process. For the high category, there are 20 docu-
ments are used during the process. 
 
5.4 Summary of the Draft Proposal 
  The draft proposal is built based on the current stage analysis, findings from literature 
and the group discussions from Data 2. Building the draft proposal involved the project 
handers in Unit A, Unit B and the case company program manager in order to get 
comprehensive ideas. The draft proposal differs from the current practice as summa-
rized in Table 13 below. 
 
Table 13. Proposed SCM modularity based on the current state. 
1. Organization structure 
Module Low Medium High 
Customer solution service No No Yes 
  
2. SCM Process 
Module Low Medium High 
Check lists Yes Yes Yes 
Process documents No Yes Yes 
  
Strict, stand process Yes Yes No 
Flexible process No No Yes 
  
3. SCM Project resource 
Module Low Medium High 
Project structure No No Yes  
As can be seen in Table 13, the draft SCM process provides the clear picture for the 
harmonized modules and tells the focus area for different modules. From the CSA the 
organization structure, SCM process and SCM project resource are sorted based on 
the different units. The new harmonized process modularizes and categorizes them 
into three modules based on the project/order complexity level.  
 




6 Validation of the Proposal   
 
This section finalizes the proposal for the modular harmonized SCM process based on 
the feedback given by the management, key stakeholders and project handlers.  
 
6.1 Overview of the Validation Stage  
In this study, the validation is proved from three perspectives, the project director who 
is leading this harmonized SCM process, the key stakeholder who has been working 
for both case units and the SC manager who is not aware of this project.  
 
The validation started with the introduction of this study. This study focused on the 
SCM. First of all, the business problem is defined by the company management team, 
therefore the same management stakeholders were involved in the validation stage. 
Secondly, the study made part of the ongoing project in the case company rethinking 
its whole process of the project management, when the study focuses on the SCM 
only. This means again that the management participation in the validation stage was 
grounded. Thirdly, the current state analysis was also revised focusing on the chal-
lenges identified in the current SCM in project management. Finally, the proposal of 
the new SC harmonized process proposes a harmonized SCM process for the two SC 
units in the case company. Therefore, not only the proposal but also the prospects for 
implementation of the new process were discussed for the management approval and 
taking a longer period perspective to the discussion on the results.  
 
The findings from Data 3 collection from the validation stage are discussed next. 
 
6.2 Findings of Data Collection 3  





Table 14. Summary of Data 3: Feedback for the initial proposal. 
 Position Feedback   1 
Program manager 
To simplify the process flowchart 
The categorizes can be taken away 
Link the SCM process to the Project level 
 2 Key stakeholder 
The three level of modular is same as we have been dis-cussed, it looks good to me" 
 3 SC Manager 
"The flowchart looks good, it makes sense to me, this is definitely what we should do"" 
 
As seen in Table 14 above, the stakeholders in the validation discussion gave a num-
ber of suggestions how the initial proposal can be further improved. The feedback is 
from Program manager, Key stakeholders and SC manager. 
 
First, the Program manager wants the final proposal to be simplified and make it easy 
to read and understand, because the draft proposal process was considered too diffi-
cult to read. Moreover, the management suggests that the category could be taken 
away from the draft proposal so the different modules could be chosen from the project 
team. Furthermore, since the SCM process is part of the project main process, the 
management asks to write the final proposal under the project main structure. 
 
Second, the draft proposal was shown to the project key stakeholders. As his opinion, 
the three level of modular is same as the project team has been discussed, and the 
process looks good to him. 
 
Third, the draft proposal was presented to one of the SC manager, he thought the draft 
proposal makes sense to him and it is definitely what the SCM process should be. 
 
Overall, as feedback to the proposal, there were three key suggestions made by the 
Program manager. The stakeholders and SC manager seemed satisfied with the initial 
proposal. Therefore, the final proposal is built based on the feedback from manage-
ment stakeholder for the three perspectives as shown above in Table 13. 
 
As seen from Table 14, the improvements for the final proposal are summarized from 
three perspectives. First, the SCM process flowchart is linked to the project main struc-
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ture which is shown in Figure 2 and Figure 4. This enable the case company could use 
the SCM process from the project full chain perspectives. Moreover, the project stake-
holders could have a better understanding of the SC process.  
 
Second, the process flowchart is simplified and the PCCP is not shown in the final pro-
posal. This improvement makes the process flowchart looks more simple and easier to 
read. 
 
Finally, the differences between the final proposal and the current process (discusses 
in Section 6.3) is marked as Figure 23 shows. This highlight what has been improved 
and what is new according to the old process. 
 
6.3 Final proposal for Supply Chain Process for Both Units  
Based on the feedback in the validation session, the final version of the SCM process 















As seen from the figure above, the harmonized SCM process is linked to the case 
company main project process which was introduced earlier in Section 3.  
 
The different modules in the proposed SCM process are divided into eight different 
stages, based on the current company project logic. Moreover, the three modules are 
built based on three themes from the CF. First, the low module is MTO SC with pro-
cess focus structure. Second, the medium module is ETO SC with process focus struc-


















7 Discussion and Conclusions  
 
This section summarizes this study and discusses the actions for the next step from 
the researcher.  
 
7.1 Summary  
This thesis builds a harmonized SCM process based on the SC modularity for the case 
company. The objective of this thesis was to create a proposal of new SCM process for 
the two Finnish SC units of the case company. The new SCM process was needed by 
the case company because the current process is unit-based which generates the mis-
understanding from the stakeholders. Additionally, the harmonized process is a com-
mon way for the case company in managing the project no matter who is managing it. 
 
This study starts by mapping the current SCM process in two units, Unit A and B. It 
also identifies and analyses the major differences in these processes ad also in their 
relevant documentation.  This study divided the key differences between Unit A and B 
into three perspectives - Organization structure, SCM process and SCM project re-
sources. These three perspectives were the deep reason which make the two SC units 
different. From the organization structure perspective, the difference is the customer 
solution/service department. From the SCM process perspective, the differences are 
(1) Unit A does a lot of check lists during the process when Unit B follows many pro-
cess documents, (2) Unit A process is very strict and Unit B process is very flexible, 
and (3) Unit A does not have as much as enough collaboration as Unit B does. From 
the SCM project resources perspectives, Unit A is not project oriented and Unit B is. 
 
The results of the current sate analysis pointed to the themes for search in available 
knowledge for ideas and best practice how to approach harmonization in SCM units, 
from the perspective of SCM with project- or process- organization structure. Based on 
these ideas, the draft proposal was built after the project team discussion and one 
short interview with the program manager. In the final proposal, the SCM process map 
was simplified based on the management feedback. Finally, the new process was ap-
proved and linked to the company whole project process. 
 
The study proposes a common SCM process by adopting a perspective to harmoniza-
tion through the SC modularity. There are 9 modules in the draft proposal which in-
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cludes the common modules and individual modules for different project complexity. 
There are also three levels of complexity modules proposed for the new SCM process. 
First, the low category is the MTO SCM with the process focus structure. Second, the 
medium category is the ETO SCM with the process focus structure. Last, the high cat-
egory is the ETO SCM with the project focus structure. Moreover, the PCCPs are em-
bed in the process flowchart in different project phase which increase the dynamic and 
feasibility of the process.  
 
The harmonized process provides a clarified picture for managing the projects by dis-
tinguishing them through complexity and customization level. Moreover, the case com-
pany could benefit from the common process because there is only one process need-
ed to be developed, avoid extra development. Not only for the SC units, the FL em-
ployees could also benefit from the harmonized process, because there is only one 
way of working from the SC units, FL does not need to learn to work differently with 
different SC unit in managing the project. 
 
7.2 Managerial Implications   
This study was conducted to build a harmonized SCM process for the two case units. 
Before implementing this proposal into practice, there several considerations that need 
to be taken into account by the management. 
 
First, it is necessary for the company to make a plan to implement and scale the pro-
cess. Second, it is necessary to continue discussion on the research findings of this 
study including the differences and similarities. Since different SC units normally do not 
have any communication of what the others are doing, sharing experience definitely 
helps to improve the knowledge sharing which eventually results in better process and 
higher customer satisfaction.  
 
In addition to producing an implementation plan and more knowledge sharing, the fol-
lowing table presents some other recommendations to implement the harmonized pro-








Table 15. Action plan for building the harmonized process. 
Step What Responsible 
1. Give the training to the project handler in both SC 
units 
Program manager, process 
owner 
2. Pilot the process for all three complexity levels in 
projects 
Directors of SC units 
3. Collect feedback systematically and discuss im-
provement recommendation for the process 
Directors of SC units 
4. Improve and monitor the SCM process Program manager, process 
owner 
5. Scale the process to the company level Directors of SC units 
 
As seen from the table above, the action plan for implementing the harmonized pro-
cess is (1) training, (2) piloting on a small scale, (3) feedbacks and involvement, (4) 
improvement and monitoring, and (5) Scale the process. Once the harmonized process 
is taken into practice by the both units, a similar approach can be discussed for imple-
menting to the SC units in other locations for the case company.  
 
7.3 Evaluation of the Thesis   
This study produces a real life outcome related to a case company project, conducted 
in a big-size global company.  Based on the study, the new process will become part of 
the project main map for the company. This study has contributed to defining a suitable 
process for the SC unit when working with customized products in the construction 
business. 
 
During the study process, the results of this study have become relevant not only for 
the ones who work in the SC units, but also for the FL employees. The modular based 
process gives the possibility for SC employees to work dynamically and become more 
agile. The FL employees could also learn about the SC process in order to work better 
with SC project handlers. This study can also be used as a training material for the 
case company since the author has specified the SCM process of two units mapped 
through the interviews, group discussions and internal documents reviews. As a train-
ing material, the study presents a concise picture of the units’ processes that can be 
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used, for example, for training new employees. More importantly, the results can be 
used as a starting point for continuous improvement done in the case unit.   
 
In addition, the study can be used for learning for a wide audience, from this study as a 
case example how to approach a challenge of harmonization in SCM units, which are 
involved in customized products or components. The idea proposed in this study is to 
approach harmonization by standardizing the two different types of SCM based on the 
identified modules into three levels of project complexity, and thus make the SC more 
dynamic to satisfy the customer needs. 
 
7.3.1 Outcome vs Objective 
 
The objective of this study is to build a harmonized SCM process for the case company 
as discussed in Section 1.3. The CSA revealed the similarities and differences be-
tween the two units and set the main focus areas which gave the case company a 
comprehensive view of the SCM process. The final outcome of this study was a new, 
harmonized process for both SC units in managing projects. The process presented in 
this thesis is a modular-based SCM process, that provides the common process for 
two units in order to increase their agility. Thus, the objective and the final outcome 
seem to be matching. 
 
7.3.2 Reliability and Validity 
 
The reliability and validity plan of this study was mentioned in Section 2. The validity of 
this study is proved through a series of steps taken in the thesis. The internal validity is 
achieved through three perspectives. First, the core team was established in order to 
make sure both SC units project handlers were involved in the process building. Sec-
ondly, there were four group discussion held with the project team. Moreover, an ex-
tensive series of semi-structured interviews were done with the project handlers from 
both SC units. Finally, the internal documents were reviewed by the researcher and the 
project team. The external validity was achieved through the variety of literature review 
from different resources and fields.  
 
The reliability is ensured from three perspectives in this study. First, over sixty docu-
ments from Unit A and B were reviewed and studied in order to ensure the compre-
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hensive view of the current SCM process. Secondly, the program manager leads this 
project and sets up a core team for the development of the study topic. The group dis-
cussion involves four experts from both SC units which ensure the comprehensive view 
for both units. For Data 1, the core team was settled up to define the scope of the har-
monized process and provides the very experienced view of current process. For Data 
2, the core team members give the opinion and co-created the module based SCM 
process. For Data 3, the program manager approves the harmonized process and asks 
to link the SCM process to the company main project structure. In addition, the compa-
ny internal documents are reviewed and studied in order to get rid of the unnecessary 
documents and highlight the important ones during the group discussion. Thus, the 
reliability was ensured by conducting: (1) interviews from different perspectives, (3) 
data collection in 3 rounds, and (3) combining the identified relevant theory with the 
company-relevant results from CSA. 
 
7.4 Closing Words   
Finally, although the study aimed to address as thoroughly as possible the identified 
challenged in harmonizing SC units, there are some limitations in this paper. First of all, 
the study focuses on the supply chain in the construction business which has custom-
ized products and mature, well developed processes. Secondly, the literature reviews 
in this study is mostly focused on the European way of managing SCM, yet a vast 
amount of literature is now also available, from example, in Chinese and other SCMs. 
Thirdly, the paper would be better supported if the financial report could be included.  
 
All these challenges are waiting for the next researcher to handle, which the author of 
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